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Acoustic Analysis of a Duct with Mean Flow
by Use of FEM
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ABSTRACT
This paper shows the effect of mean flow in duct. The potential equation of duct with mean
flow is obtained. A finite element method(FEM) is used to predict acoustic performance of duct
with mean flow. The formulation of the finite element method is derived for duct taking into

consideration of the convective effect of mean flow. A simple duct ,

simple expansion chamber

and a duct with resonator are implemented to show the effects of the mean flow.
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Fig.l1 Simple Expansion Chamber
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Table 1. Resonance frequencies of duct
with varying Mach number

Resonance Frequencies [Hz]
Order
M=0.0 | M=0.2 | M=0.4 | M=0.6 | M=0.8
1st 85 83 78 68 51
2nd 256 250 234 204 153
3rd 428 419 392 342 257
4th 603 590 552 482 361
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Fig. 3 Pressure Spectrum of Duct Model
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Fig.4 Circular Simple Expansion Chamber
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Fig. 5 TL Curve of Simple Expansion Chamber

Table 2. Frequencies of maximum TL in
simple expansion chamber with varying Mach
number

Frequencies at TLmax [Hz]
M=0.0 [ M=0.2

Order

M=04 | M=0.6 | M=0.3

1st 381 371 351 311 251
2nd

1151 | 1131 | 1061 | 931 711
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Table 3. Resonance frequencies of Helmholtz
(b) M =04 resonator with varying Mach number
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